Abstract. Previous studies have reported the association between brain-derived neurotrophic factor (BDNF) and tumor development in numerous cancers. However, the accurate implication of the two specific ligands of tropomyosin kinase B receptor, BDNF and neurotrophic factor 4 (NT4/5), has not been studied in colorectal cancer (CRC) patients. The present study investigated the significance of serum BDNF and the NT4/5 in association with the intake of psychoactive drugs in CRC patients. Soluble BDNF and NT4 in the serum were assessed by ELISA. Although no correlation of BDNF and NT4 with the CRC stage was identified, a positive correlation was found between NT4 and the intake of psychoactive drugs (P=0.0457). For BDNF, a correlation was found in particular with the intake of benzodiazepine (P= 0.0221). As BDNF and NT4/5 are implicated in the response of psychoactive treatments applied to manage depression, which frequently occurs in cancer patients, they cannot be used as prognostic or diagnostic markers for CRC in these patients. However, high expression of BDNF and NT4 was significantly associated with better survival. Therefore, these NTs may be used as markers for monitoring depression or predicting survival in CRC patients.
Introduction
The great family of neurotrophins (NTs) is composed of structurally conserved growth factors named nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF), NT and neurotrophic factor 4 (NT4/5). Their actions are mediated by receptors, the tropomyosin tyrosine kinase receptors (Trk) and the common NT receptor p75NTR (1) . NTs have been extensively used as biomarkers, in particular BDNF in nervous disorders.
In fact, BDNF levels are reduced in schizophrenia patients (2) and may, in combination with NGF, be used as a schizophrenia marker (3) . During the treatment of catatonia in schizophrenia patients with lorazepam, BDNF levels are reduced (4) . However, the serum levels of BDNF are not informative with regard to Huntington's disease (5) . BDNF is implicated in modified phenotypes during alcohol withdrawal syndrome and in neuroadaptive processes of alcohol dependence (6) . In neurological diseases, BDNF is aberrantly expressed; for instance, its expression is low in Alzheimer's disease and high in Parkinson's disease (7) .
Antidepressant treatment is able to increase BDNF in patients with depression (8) . In major depression, although BDNF and TrkB are decreased, proBDNF, sortilin and p75NTR are increased in the serum (9) . Recently, it has been shown that BDNF is associated with gender in major depressive disorder, in terms of being higher expressed in women (10) .
Initially implicated in nervous system development, the role of NTs in non-neuronal cells, including cancer cells, is currently being investigated (11) . In colorectal cancer (CRC), BDNF and TrkB are the major factors, as reported by a previous study by our group (12) . The study indicated that the BDNF/TrkB complex is responsible for CRC survival under stress conditions such as nutrient starvation. Numerous studies have assessed the levels of TrkB and BDNF in CRC tissues (13, 14) , revealing that this complex has roles in CRC. In fact, local progression, nodal and distant metastasis, clinical stage and poor prognosis are associated with TrkB. In addition, the TrkB/BDNF pathway enhances several biological processes in CRC, including proliferation, invasion, migration, epithelial-mesenchymal transition as well as resistance to apoptosis and anoikis, as outlined in a recent review by our group (15) .
While numerous studies have assessed TrkB, little is known regarding the possible application of serum BDNF as a biomarker. To the best of our knowledge, only one study has assessed BDNF in the serum of CRC patients, revealing that it was decreased in patients compared with that in controls and was not associated with the stage of CRC (16) . Among other studies, BDNF expression shows a large variation in different cancer types. For instance, in hepatocellular carcinoma, BDNF was shown to be increased and associated with poor survival (17) . Furthermore, low levels of BDNF were found to be associated with cognitive impairment and short-term memory in patients receiving chemotherapy for advanced metastatic cancer; however no influence on depression was identified (18) . It has been observed that a decrease in BDNF may lead to worsening of fatigue in patients with prostate cancer due to repeated radiotherapy; furthermore, the conveyance of a cancer diagnosis can induce depressive disorders in patients and fatigue during cancer treatment may be associated with depression (19) . However, no difference in BDNF was found between lung cancer patients with depression and those without. Therefore, major depression in lung cancer patients is not associated with BDNF levels (20) . However, the studies collectively suggested that BDNF is frequently linked with depressive disorders in cancer patients.
To further clarify the association of BDNF with cancer, the present study determined the serum levels of BDNF in CRC patients receiving antidepressant treatment. Concomitantly, NT4/5, the second ligand with the ability to activate TrkB (1), and which has not been studied in CRC, was assessed. To the best of our knowledge, only one study has assessed BDNF and NT4/5 expression in breast cancer, demonstrating that their targeting inhibits tumor cell survival (21) .
Materials and methods

Patient characteristics. A total of 83 patients admitted to
Limoges University Hospital between March, 2011 and March, 2012 who had undergone curative resection of colorectal tumors were recruited for the present study. The present study was performed according to the Declaration of Helsinki and the following exclusion criteria were applied (22): Juvenile patients, pregnant or breast-feeding women, rectal or colonic lesions that were not histologically proven, patients with impossible follow-up, and insufficient or unusable tissue due to inadequate preservation.
A total of 83 patients (37 women and 46 men) were prospectively included, of which 8 had dysplastic lesions and 75 had CRC. Tumors were graded according to the pathological tumor, nodes and metastasis international classification (23) . A total of 37 patients had local disease (stage I, T1/2-N0, n=16; stage II, T3/4, n=21), 23 had regional lymph-node involvement (stage III, any T-N1/2) and 12 had advanced disease (stage IV, any T, any N and presence of metastasis). Clinical patient characteristics are summarized in Tables I and II. Blood collection was approved by the local Ethics Committee ('Comité de Protection des Personnes, Sud Ouest Outre Mer'; CPP SOOM4; number DC-2008-604). Routine laboratory tests, including complete blood cell count and carcinoembryonic antigen (CEA) quantification in serum, were performed prior to and during the follow-up period.
Follow-up. Clinical and paraclinical (biology and imaging)
parameters of all patients were collected. The median follow-up time was 14,3 months (range, 0,2-51,7 months). The last follow-up evaluation was performed on May, 30th 2013. Recurrence-free and disease-specific survivals were analyzed and are presented in Table III. ELISA for serum BDNF and NT4 levels. Immediately prior to surgery, peripheral blood samples were taken from all patients, filled into serum separator tubes and centrifuged for 10 min at 1,650 x g. The serum samples were collected and stored at -80˚C.
BDNF and NT4/5 serum levels were detected by ELISA. Assays exhibited no cross-reactivity with others members of the NGF family. All samples were analyzed in duplicate 
Results
Patient characteristics.
The mean age in the patient cohort was 69 years (range, 35-88 years). The gender distribution was 55% males and 45% females. Among the patients who received psychoactive drugs (38/83; 46%), the majority was treated for depression (9.64% of the totality) and the most common psychotropic medication was benzodiazepine (15.6%) ( Table I) .
In terms of tumor characteristics, the majority of patients had CRC of stage II or III (28 and 31%, respectively), according to the 2015 guidelines by the Union for International Cancer Control (Table II) (23, 24) .
The mean follow-up time was 14,3 months. At the last follow-up, remission was observed in 80.0% of patients, 14.7% lived with the disease and 16.0% had succumbed to CRC. Furthermore, 2.7% of the patients had succumbed within 30 days of surgery (Table III) .
BDNF and NT4 levels in CRC patients. Fig. 1 illustrates the serum levels of BDNF and NT4/5 in CRC patients. BDNF levels were 8.2±1.7 ng/ml and NT4/5 levels were 15.1±6.9 ng/ml, demonstrating reliable quantitative analysis, in particular for BDNF detection. Stratified analyses by CRC stage revealed no significant differences between groups (data not shown), suggesting that BDNF and NT4/5 are not implicated in CRC development. Moreover, no association between CEA and the levels of the two NTs was identified (data not shown). Figure 1 . Serum levels of BDNF and NT4/5 in 75 patients at the time of diagnosis of colorectal cancer. Mean BDNF levels were 8.2±1.7 ng/ml and NT4/5 levels were 15.1±6.9 ng/ml. Each data-point represents the result for one patient, horizontal lines represent the mean value and bars represent the standard deviation. BDNF, brain-derived neurotrophic factor; NT4/5, neurotrophic factor 4.
Influence of psychoactive drug intake on serum BDNF and NT4/5 levels. The psychoactive drugs administered to the patients were benzodiazepine and serotonin capture inhibitors (Table I ). Significant differences in BDNF and NT4/5 serum levels were observed between the patients who took psychoactive drugs and those who did not (Fig. 2) . In fact, the intake of psychoactive drugs in CRC patients was associated with high serum levels of BDNF (P= 0.0059) and NT4/5 (P=0.0457), the two specific ligands of TrkB receptor. Regarding specific psychoactive drugs, benzodiazepine intake was significantly associated with an increase in serum BDNF levels (P=0.0221) (Fig. 3) .
Serum BDNF and NT4/5 levels affect the survival of CRC patients. Kaplan-Meier survival curves with stratification by high and low serum BDNF (above or below the median of 8.0 ng/ml) and NT4/5 (above or below the median of 11.3 ng/ml) levels revealed that, irrespective of their treatment, survival of patients with high serum BDNF and/or NT4/5 levels was longer than that of patients with low levels (P=0.0036 and 0.0111, respectively) (Fig. 4) .
Discussion
CRC is the second highest cause of cancer-associated mortality worldwide (25) . It is required to identify non-invasive serum . Survival of CRC patient grouped according to median serum levels of BDNF and NT4/5 levels at the time-point of CRC diagnosis. Analysis was performed at 28 months after surgery. Median BDNF levels were 8.0 ng/ml and NT4/5 levels were 11.3 ng/ml. BDNF, brain-derived neurotrophic factor; NT4/5, neurotrophic factor 4; CRC, colorectal cancer.
markers for more precise follow-up of this disease. As demonstrated by a previous study by our group and others, NTs are promising cancer markers requiring further study. In particular, the major role of the TrkB/BDNF axis on the survival of CRC cells in vitro and in patient's tissues has been demonstrated in a previous study by our group (12) .
In the present study, the serum levels of BDNF and NT4/5 were analyzed in a cohort of 75 CRC patients. Although no association with the CRC stage was detected, which was in accordance with a previous study (16) , a significant increase of these rates (P=0.0059 for BDNF and P=0.0457 for NT4/5) was observed in patients who were under psychotropic treatments, in particular for BDNF in patients treated with benzodiazepine (P= 0.0221). As benzodiazepine is able to act on the central nervous system, it is expected to affect the levels of BDNF, as previously demonstrated in patients treated for depression with diazepam (5 mg), or tandospirone (20 mg) or paroxetine (10 mg), versus matched placebo (8) . Thus, in future studies on NT expression in cancer patients, psychotropic treatments must be taken into account.
Finally, the present study revealed that patients with high serum levels of BDNF and NT4/5 levels survived for longer than those with low levels. This finding may be explained by the psychoactive treatments administrated to the CRC patients; however, it was in disagreement with a study on hepatocellular carcinoma (17) . Moreover, in hepatocellular carcinoma, the quantity detected in serum was associated with the BDNF expression found in tissues (17) ; this point should be further studied to confirm the present hypothesis of the implication of NT in CRC.
It is worth mentioning that the present study had certain limitations. For instance, only the mature form of BDNF was detected by ELISA, while three further immature BDNF isoforms co-exist: Uncleaved precursor, pro-BDNF and the cleaved pro-domain (26) . It may be worthwhile investigating the other isoforms using the molecular approach described by Zhou et al (9) . Another explanation for differences between the results of the present study from those of previous ones may be the fact that BDNF and NT4/5 are sequestered in exosome particles (27) . It may be worthwhile examining these specific particles, which are frequently used by cancer and other cells to communicate.
In conclusion, the present study demonstrated that detection of NTs in the serum of CRC patients using ELISA systems may be influenced by psychotropic treatments. Therefore, clinicians should pay attention to whether cancer patients receive antidepressants, particularly diazepam and tandopsirone (8) . In future studies, a survival analysis should be performed for patients with and without psychotropic drug treatments separately. The present study suggested that in CRC patients, serum levels of BDNF and NT4/5 cannot be used as markers of disease progression or tumor stage, while they may serve as prognostic indicators.
